To evaluate the effect on antimicrobial property of mineral trioxide aggregate (MTA) against Enterococcus faecalis when mixed with 2% chlorhexidine gluconate, calcium hydroxide, and tetracycline powder.
Introduction
Microorganisms have always been an influencing element in the outcome of success of root canal treatment. [1] Few that have been isolated from infected root canals are Enterococcus, Actinomyces, Propionibacterium, Yeasts and Streptococcus. Although biomechanical preparation is done with the aim to eliminate all the bacteria still, they may remain in the canal due to its complex anatomy. [2] When the microorganism egress to periradicular tissues and infection persists in bony area around the tooth structure, surgical intervention becomes a necessity. To prevent reinfection of surgically treated tooth root end filling is done. [3] Some of the ideal properties are that it should be nontoxic, biocompatible, moisture resistant, dimensionally stable, antibacterial, and provide a hermetic seal. [4] Enterococcus faecalis a normal commensal of oral cavity possess a concern for endodontist as it is associated with persistent,
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For reprints contact: reprints@medknow.com asymptomatic endodontic infections. The occurrence in such infections ranges from 22% to 74%. [5] Mineral trioxide aggregate (MTA), contains tricalcium silicate, tricalcium aluminate, bismuth oxide and has hydrophilic fine particles which when come in contact of moisture or blood tends to harden. [6] Two percent chlorhexidine gluconate has been repeatedly proven to be the most effective method to remove or completely eliminate E. faecalis from dentinal tubules up to 100 µm. [7, 8] Tetracycline is a crystalline powder yellow in color, acidic in nature and primarily bacteriostatic and odorless. It has been used as broad spectrum antibiotic. It has been known to bind with dentine surface. [9] Calcium hydroxide is an amorphous matrix with crystalline fillers having initial bactericidal then bacteriostatic action. Its alkaline pH has therapeutic effect. It dissolves necrotic tissues. [10] Its nonspecific bactericidal effect destroys cell membranes and protein structure. [11] Hence, this study has been undertaken to evaluate the antimicrobial efficacy of the MTA against E. faecalis if mixed with 2% chlorhexidine gluconate, tetracycline hydrochloride, and calcium hydroxide.
Materials and Methods
Materials
The materials that were used in this study were ProRoot MTA (DENTSPLY Tulsa Dental Specialties, DENTSPLY, USA), 2% chlorhexidine gluconate (Dentochlor, Amrit Chemicals and Mineral Agencies, Punjab, India), tetracycline HCl 250 mg (Zydus Cadila, Gujrat, India), calcium hydroxide powder (Pulpdent Corporation, India). The results of this study showed that the most efficacy against E. faecalis was exhibited by Group 2 followed by Group 4, Group 1 and least effective being Group 3 after 24 and 48 has shown in [ Figure 1 ].
Bacterial strain and media
The test strain of E. faecalis that was used was ATCC 29212. With the help of wire loop, four morphologically similar colonies were transferred to test tube which contained 4 ml of sterile peptone water. The antimicrobial activity was tested by agar diffusion test and medium used was Sheep Blood Agar (Hi-Media Pvt. Ltd., Mumbai, India). The lawn culture was done on blood agar plate after inoculums were adjusted to 0.5 McFarland tube.
The materials were divided into four study groups. 1. Group 1: MTA -control group (0.12 g of MTA was taken) 2. Group 2: MTA mixed with 2% chlorhexidine gluconate (0.12 g of MTA mixed with 90 µL of 2% chlorhexidine gluconate) 3. Group 3: MTA mixed with 1% tetracycline hydrochloride (0.12 g of MTA mixed with 90 µL of 1% tetracycline hydrochloride solution) 4. Group 4: MTA mixed with calcium hydroxide (0.12 g of MTA mixed with 0.12 grm of calcium hydroxide powder).
Four wells of 6 mm × 4 mm were made in each dish after the medium solidified. The wells were placed at equidistant points using sterile straws. These wells were immediately filled with test materials. The mixing of the material was carried out according to the manufacturer's direction. The plates were kept at room temperature for 2 h so as to let the prediffusion of the materials occur. They were then incubated at 37°C under appropriate gaseous conditions for 24 h and 48 h. The diameters of zones of inhibition were measured after 24 h and 48 h using a precision ruler.
Results
Zones of inhibition analysis
The diameters of zones of inhibition were measured, and the group that showed larger zone was considered as having the most efficient antimicrobial activity. The results of this study showed that the most efficacy against E. faecalis was exhibited by Group 2 followed by Group 4, Group 1 and least effective being Group 3 after 24 and 48 h.
Discussion
The main objective of root end filling material lies in providing a good apical seal so as to prevent the egress of bacteria and its products into the periapical tissue. The materials despite having a perfect seal tend to leave microscopic space at the interface of material and the cavity of root end. This space acts perfectly for microorganisms to ingress and proliferate. As a result, it is important for root-end filling materials to just not be biocompatible and provide a perfect seal but also possess some antimicrobial property. [11] MTA was developed to fulfill a need of an ideal root-end filling material for surgical endodontic treatment at the Loma Linda University, California, USA. [11] It has a can induce bone, periodontal ligament and cementum formation thus leading to regeneration rather than repair. [12] It works on the same principal as calcium hydroxide, which is that it releases hydroxyl ions and the produces high pH environment. The component playing a major role is calcium oxide when in contact with moisture is converted into calcium hydroxide thereby raising the pH to 12.5. This high pH is an unfavorable environment for microorganisms to thrive and grow. Hence, it has antibacterial property. The advantage over calcium hydroxide is the decreased solubility and thus maintaining the hard and excellent marginal seal. [13] MTA showed zones of inhibition which depicts a self-inherent antimicrobial property. This property is associated with the high pH it possesses. Initial pH is 10.2 which rise to 12.5 in 3 h. [14] The high pH of 12 is known to halt the growth of E. faecalis. [15] E. faecalis a normal inhabitant of oral cavity is a Gram-positive cocci, facultative anaerobe, know to survive in harsh environments. It penetrates deep into dentinal tubules and thrives as it secretes serine protease, gelatinase, and collagen-binding protein (Ace). The serum secreted by periodontal ligament and alveolar bone also helps it to bind to dentin. The root canal treated teeth are nine times more likely to be having E. faecalis than the untreated infected teeth. [16] Tetracycline binds to 30S ribosomal subunit leading to inhibition of protein synthesis thus having antimicrobial effect. It is a broad spectrum antibiotic. When mixed with acidic solution of pH below 2 its potency is reduced and destroyed when mixed in alkali hydroxide solution. [17] This study employed agar diffusion method to evaluate the antimicrobial activity as several studies previously have used this technique. [18] Although it is a reliable method [14] formation of zones of inhibition may be altered due to variation in agar medium, bacterial strains, cellular density, and diffusion capacity of the agent. [19] The diameters of zone of inhibition in this study around MTA with 2% chlorhexidine gluconate were found to be larger than other groups and also statistically significant. Chlorhexidine enhanced the antimicrobial property of MTA which could be attributed to the fact that it can be adsorbed onto and subsequently be released from cement hence substantivity makes chlorhexidine gluconate a potent antimicrobial agent. [20] The group where tetracycline was added to MTA showed not much difference in diameters of zones of inhibition in comparison to MTA. 13.8% of isolates of E. faecalis has reported to develop resistance against tetracycline which could have been the reason for reduced zones of inhibition. [17] The resistance, when developed for any member of this class, leads to cross-resistance to tetracycline. [21] This study has differed results when compared to Estrela et al., who showed that MTA had no antimicrobial activity against E. faecalis. [19] 
Conclusion
Within the limitation of this study 2% chlorhexidine gluconate when mixed with MTA showed to enhance its antimicrobial property.
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